C linicians who care for children and adolescents are now facing changes in hypertension, which include new methods for measuring blood pressure (BP) and assessing associated cardiovascular risk factors and target organ damage. Although conventional BP should be used as a reference method for measuring BP and diagnosing hypertension, ambulatory BP monitoring (ABPM) has been introduced into the pediatric population. According to European and American recommendations, ABPM is now increasingly recognized as being a valuable tool in the diagnosis and management of hypertension in children and adolescents.
C linicians who care for children and adolescents are now facing changes in hypertension, which include new methods for measuring blood pressure (BP) and assessing associated cardiovascular risk factors and target organ damage. Although conventional BP should be used as a reference method for measuring BP and diagnosing hypertension, ambulatory BP monitoring (ABPM) has been introduced into the pediatric population. According to European and American recommendations, ABPM is now increasingly recognized as being a valuable tool in the diagnosis and management of hypertension in children and adolescents. [1] [2] [3] Longitudinal studies with repeated measurements have shown that ABPM is prognostically useful for some pathological conditions. 4, 5 The potential role of ABPM in the identification of children who are at greatest risk to develop hypertension, for whom targeted prevention programs are expected to be most beneficial, has not been assessed.
Masked hypertension, elevated ambulatory BP in the presence of normal conventional BP, is a condition that, in adults, has been associated with organ damage 6 and cardiovascular risk, similar to that for sustained hypertension (both conventional and ambulatory hypertension). [7] [8] [9] In childhood, masked hypertension has received little attention, despite a prevalence of ≈10%; it persists in 40% of the subjects and has been associated with left ventricular hypertrophy. [10] [11] [12] [13] If an elevation in ambulatory BP precedes the development of sustained hypertension, further knowledge of the risk factors associated with this BP increase can be valuable in the management of hypertension in children and adolescents. To address this issue, we performed a long-term follow-up study assessing how sustained hypertension develops over time in healthy, masked hypertensive youths. The potential sex dimorphism in the incidence and timing of the development of hypertension has been analyzed. youths aged 6 to 18 years, who attended the pediatric out patient clinic of the General Hospital of the University of Valencia for a preventive health check-up. We excluded concomitant disease by physical examination, blood biochemistry, and analysis of a urine sample. The study included 272 subjects, with normal conventional BP at baseline. In all subjects, ambulatory BP was recorded at baseline and at least once during follow-up with a total number of 736 recordings. The Institutional Committee for the Protection of Human Subjects approved the study. All parents and participants ˃12 years gave informed, written consent.
A standardized questionnaire to obtain information on the parental history of hypertension was completed for all participants. Body weight was recorded ≈0.1 kg with the subjects wearing light indoor clothing and no shoes. Height was recorded to the nearest 0.5 cm using a standardized wall-mounted height board. Obesity was diagnosed when body mass index (BMI, the weight in kilograms divided by the square of the height in meters) exceeded the 95th percentile for age and sex. The extent of obesity was quantified on the basis of BMI z score using Cole Least Mean Square method. 14 The ambulatory recordings were initiated on regular school days between 08:30 and 09:00 am. On monitoring days, the participants did not engage in vigorous exercise. The oscillometric SpaceLabs 90207 and 90217 monitors (SpaceLabs Inc, Redmond, WA) were programmed to obtain BP readings at 20-minute intervals from 06:00 hours until midnight and at 30-minute intervals from midnight until 06:00 hours. Daytime was defined as the interval ranging from 10:00 to 20:00 hours and nighttime from midnight to 06:00 hours. Measurements were automatically repeated when readings were outside the ranges of 70 to 220 mm Hg systolic or 40 to 140 mm Hg diastolic. We did not otherwise edit the ambulatory recordings. Only recordings with >80% of successful measurements, defined as the percentage of valid preset measurements, were included.
On monitoring days, BP was measured on the nondominant arm, with cuff and bladder size adjusted to upper-arm girth. The 3 measurements of each office visit were averaged for analysis. For ABPM, cuff and bladder size were adjusted as for office BP. The averages of the valid readings for the 24-hour daytime and nighttime, respectively, were calculated. Within individual subjects the means of the ambulatory BP were weighted by the time interval between consecutive readings.
Using the published diagnostic thresholds, 1-3 hypertension in children and adolescents was defined as office BP persistently ≥95th percentile, specific for age, sex, and height. Children with average systolic BP or diastolic BP ≥90th percentile but <95th percentile were classified as having high-normal BP. Adolescents with BP≥120/80 mm Hg, even if <90th percentile, were also considered as having high-normal BP. Ambulatory hypertension was defined as awake BP persistently ≥95th percentile, specific for sex and age or height. 15 Cross-classifying the conventional and ambulatory BPs, 4 subgroups were delineated [1] [2] [3] : sustained normotensives, sustained hypertensives, white-coat hypertensives, and masked hypertensives. Sustained normotension was defined as normotensive for both conventional and ambulatory measurements. Similarly, sustained hypertension was hypertensive for both conventional and ambulatory measurements. White-coat hypertension was a normal daytime ambulatory BP in the presence of an elevated conventional BP, whereas masked hypertension was an increased daytime BP in the presence of a normal conventional BP. The term persistent masked hypertension refers to subjects who had masked hypertension at ≥2 examinations.
For statistical analysis, the SAS software package, version 9.3 (SAS Institute, Cary, NC), was used. Means and proportions were compared using Student t test and a χ 2 -statistic, respectively. Longitudinal changes in BP per year were calculated. The risk factors associated with the development of sustained hypertension were traced using stepwise Cox proportional hazard regression analysis. The following variables were offered to the model: sex, age, family history of hypertension, conventional systolic BP and BMI (z score) at baseline, presence or absence of masked hypertension at baseline, daytime pulse rate at baseline, and change in BMI (z score) from baseline to follow-up. Statistical significance was an α-level <0.05 on 2-sided tests.
Results

Baseline Characteristics
A total of 272 young white subjects were included in the study, of which 152 (55.8%) were girls. Parental history of reported hypertension was similar in girls and boys (P=0.14), whereas obesity was more prevalent in boys (P=0.03). Mean age (P=0.46), BMI (P=0.73), and the conventional and ambulatory BPs (P≥0.27) were similar for both sexes. The prevalence of masked hypertension was similar (P=0.73) in boys (n=16, 13.3%) and in girls (n=23, 15.1%).
Baseline characteristics according to the presence or the absence of masked hypertension at baseline are shown in the Table. Normotensive children and those with masked hypertension had similar age, body mass, and prevalence of obesity. Boys, but not girls, with masked hypertension more frequently reported a parental history of hypertension than their normotensive counterparts (50.0% versus 23.1; P<0·05). Compared with normotensive subjects, participants with masked hypertension had significantly higher conventional and ambulatory BPs.
Sex and Changes in BP Throughout Follow-Up
Median follow-up (36 months; 5th-95th percentile interval, 7-92 months) was similar (P=0.55) in boys and girls. The increase in the conventional systolic BP from baseline to last available follow-up was greater (P=0.015) in boys (3. During the follow-up, 13 girls (56.5%) and 6 boys (37.5%) masked at baseline became normotensive. Likewise, 6 girls (26.1%) and 1 boy (6.2%) maintained masked hypertension category. Girls with masked hypertension at baseline were more likely to progress to sustained hypertension during follow-up as compared with girls with normotensive daytime BPs at baseline (n=4 [ 
Masked Hypertension and the Risk of Developing Sustained Hypertension
Median follow-up was longer (P=0.016) in the masked hypertensives (45 months; percentile interval, 5-135) as compared with the normotensives (35 months; percentile interval, 7-80 months). Taking into account all follow-up visits, the incidence of sustained hypertension was 7.0 per 100 subjects/y (n=12) in masked hypertensives and 0.6/100 subjects/y (n=4) in normotensives. Masked hypertension at baseline (hazard ratio, 15.6; 95% CI, 4.91-49.7; P<0.0001) and male sex (hazard ratio, 3.25; 95% CI, 1.12-9.39; P=0.0295) were independent factors associated with the incidence of sustained hypertension during the follow-up. The results were confirmed when other variables were included in the model (conventional systolic BP at baseline, family history of hypertension, BMI [z score] at baseline, change in BMI [z score] from baseline to follow-up and baseline daytime pulse rate). The incidence of sustained hypertension over time according to the presence or the absence of masked hypertension at baseline is shown in the Figure. In a sensitive analysis, considering only 4 years of follow-up, to adjust for the longer follow-up in masked hypertensives as compared with normotensives, 13 subjects developed sustained hypertension. In this sensitivity analysis, masked hypertension was still significantly associated with the incidence of sustained hypertension (hazard ratio, 20.8; CI, 5.7-75.6; P<0.001).
Discussion
The present study, the first to analyze the long-term prognostic value of masked hypertension to progress to hypertension in youths, has established that masked hypertension is a precursor of sustained hypertension. Moreover, the risk of developing sustained hypertension is higher in masked hypertensive boys when compared with masked hypertensive girls.
Fifty percent of masked boys at baseline progressed to sustained hypertension. For girls, in contrast, 1 in 4 remained masked, and few of them developed sustained hypertension. Indeed, the yearly rate of systolic BP increment was 3.2 and 1.1 mm Hg in boys and 1.2 and −0.2 mm Hg in girls, for office and daytime ambulatory BP, respectively. These findings show a sexual dimorphism for BP, in which growth pattern and gonadal hormones may play a role. The persistence of the masked phenomenon in girls means the risk of progressing in the short to medium term persists. Because it is well known that BP tracks from childhood into adulthood, 16 the low rate of progression to sustained hypertension is in agreement with the lower incidence and prevalence of hypertension in girls as compared with that for boys in young adulthood. 17 Whether the persistence of masked hypertension in girls is a risk condition for developing hypertension during pregnancy or from the use of hormonal contraceptive pills should be further explored, especially in this age group, one that frequently does not receive continuous medical attention.
The present clinical research has focused on the potential value of 24-hour ABPM in clinical normotensive subjects. This should remain distinct from the aim of clarifying the clinical place of 24-hour ABPM in subjects with a diagnosis 
Figure.
Incidence of sustained hypertension (HTN) according to the presence or the absence of masked HTN at baseline. Incidence was standardized to the sex distribution, mean age, and mean conventional systolic blood pressure in the whole study population. The incidence of sustained HTN was significantly higher (P=0.0001) in masked hypertensives as compared with normotensives. The numbers below the horizontal axis are the number of subjects at risk in the masked hypertensives and in sustained normotensives (NT). One subject of the masked group became sustained hypertensive after 8 years of follow-up. [18] [19] [20] It has been associated not only with target organ damage, 21 increased risk of sustained hypertension, and high cardiovascular morbidity and mortality 7, 8, 19, [22] [23] [24] but also with an increase in risk of developing new onset diabetes mellitus. 25 In children and adolescents, few published studies have explored this condition. [11] [12] [13] The persistence of the phenomenon in ≈40% of the subjects 12 has been confirmed with a longer follow-up in the present study. Furthermore, the increased risk of developing hypertension in these subjects indicates that masked hypertension in childhood should be regarded as a condition that requires further follow-up and intervention in those in whom the disorder persists.
The fact that masked hypertension is not prognostically innocent and that it carries an increased risk of cardiovascular morbidity, 8, 9 increases the importance of diagnosis at an early age. Therefore, ABPM should be performed in subjects at risk of having masked hypertension. A parental history of hypertension has been reported more frequently in masked hypertensive youths and is the most relevant differential clinical characteristic.
The apparent discrepancy between the impact of family history of hypertension on the prevalence of masked hypertension and on the risk of progressing to hypertension merits additional comment. Population-based epidemiological studies have described the familial aggregation of hypertension. 26, 27 Offspring from hypertensive parents have both a higher prevalence and incidence of hypertension, as well as higher BP values when these are compared with those from the offspring of normotensive parents. 28, 29 Indeed, family history of hypertension seems to be a clinical characteristic that should be taken into account when deciding whether to perform an ABPM in otherwise normotensive children. In clinical practice, the number of potential candidates for ABPM is limited because the prevalence of hypertension is relatively low in parents of such a young age. 30 The study has to be interpreted within the context of its limitations. The hypothesis found its origin in clinical practice. Clinical indications and the time required to enroll the children explain why the number of follow-up visits and the interval between visits varied from 1 subject to another. However, sensitivity analyses taking into account only the first 4 years of follow-up were confirmatory. The diagnosis of office and ambulatory hypertension is, of course, inextricably tied to the operational BP threshold. The normative data for the interpretation of conventional and ambulatory BP readings in children and adolescents are those recommended by the Scientific Statements of the American Heart Association and the European Society of Hypertension. 1, 3 Potential strengths of the study include its prospective nature with a large number of follow-up recordings. The results were obtained from a group of children and adolescents initially diagnosed as masked hypertensives as compared with a group of normotensives with similar age and sex distribution, in which the incidence of office hypertension was similar to the incidence (0.3% per year), reported recently in an epidemiological study which included repeated conventional BP measurements. 31 
Perspectives
The findings of the present study have important implications for the diagnosis and treatment of hypertension in children and adolescents and for future research. From a diagnostic point of view, our observations underline the complementary use of ambulatory BP monitoring with conventional BP measurement in a clinical setting and establish masked hypertension as a precursor of sustained hypertension, especially in boys. Indeed, 24-hour ABPM should be performed in youths with a parental history of hypertension at a relatively young age to detect the masked condition early and, subsequently, recommend actions to halt further BP increments. The presence of the masked condition warrants follow-up, especially in this age group, one that frequently does not receive continuous medical attention. Once the persistence of masked hypertension is established, left ventricular mass should be assessed, and if left ventricular hypertrophy is detected, BP-lowering therapy should be started in youth.
